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pare 1ts energy usage with that of 1ts peers.
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-~ Abstract

1

.
- . rd
. .

The purpose Bf this paper 1s to show college administrators how ,

to use their utility bills. to measure the amolint of energy saved and :'“

,to determine the fue} costs avoided, when they undertake an energy

coq‘)ruation pfogram. An example, us;ng actual 'data from g 2-year
college 1n Ca11forn1a, 1's worked through in detail: A simple, graph-

1cal method of ‘'solution is presented to avoid the use of any sophista-.’

cated mathemat1gs. v e

]
¢

. The results of aoplying this ana1§§1s to 70 two- year collepes -

is used to establish The average perfoedahce characteristics of these 1in-

stitutions. An 1nd£v1dua1 campus can then analyz¢ 1ts own data and com-
»

“

. Finally, a d1§cu551on of how these calculated results can be used

to map a strategy.for implementing a campus conservation program 1s pre-
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MEASUR ING ENLRGY CONSERVATION WITH UTILITY BIULS

. ' BY .
" ' ¢ __ Walter Deckel and Blake Heitzman, PG & E
. - - . and ~ '
- - . Joseph Koford, Bets; Krieg, and‘CarI‘Yoqy, LBL .
r ’ , ‘ -
, i .
) . .

1 \ INTRODUCTION

In recent years rising fuel costs have forced many ¢olleges and

universities to examine their use of energy and to introduce progriams
of energy cohserv#tlon on their campuses. We have found 1n our work with
these institutions that there is a great need for a simple, technically
- correct .nethod for documenting t‘e amount ?f: energy sawed hy these con- ‘
. servation efforts. The obJectlée of this paper 1s to-explain how to mse '
. . . |
|

the information 1n a utility bill to measure the saved energy and to~

-

. gpterm1ne the avoldedJcosts, when conservation measures are applied. ___
This paper will describe the information on a utility bfll,'a "cornon .
sense' model to calculate energy use‘ on a campus, and a calculation of”
energ; saV1ﬂgs for a'Z-year college 1n Califernia. Seventy similar,
colleges 1n the United States have been analyzed to determine the average

values and distributions of values of the constants used 1n this energy

4 s
model. The result enables a’college to analyze“1ts own. utility bills and
determine where 1ts use of energy falls relative to the national ‘pacture.
L Finally, we indicate a way to tise the results of the analysis to'map a L -
strategy for improving the efficiency of energjfusé on the campus. -Ak\; \;
) ) -
. II. UTILITY BILLS '
’ . " ‘
Although the exact format of a utility bill varies, all gontain thg_ .
- ! fol!ow1ng\1nformation: * ' ..
- The name and address of the customer; R : | T . Ry
An account number; . . . ) . -

.

. N
of " . - . .- N
M . - .
.
#
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The.numbér 8?"&5;5 1n “the b1111ng perlod
‘The previous meter read1ng, - i
The *present meter reading ' ‘ tL

The amount of energy uséd (in therms and kwh), durlng the T

billing period; .

\; s The unit cost- of the given form of energy for the billing
speriod is either given, or caf be calculated; and

- The total cost of the energy used during the billing period
*  (“Pay this amount!"), « . .
~ .

IR natural gas and electricity bills, additional information is sbmetlmes'
included, such as the average daily energy use} or the comparaﬁle daily
energy use in the previous year. Bills for coal, o1l and liquid petroleunm
products, ﬂowever, are quite different.” Since a coal, o1l or propane. fur-
nace requires a place to store the fuel un£11 191}5 needed, the bill will
state how many gallons or tons were left in the Storage place, the unit

cost of each, and the total charge £or thé amount delivered. This nlghi

differ.from the amount of fuef.adtually useg during the billing period. .

In this case, somg means for measuring fuel use, other than " the bills from
f;el deliveries must be found. Most of the college campuses that use«oil,
w¢oal or LPC do monitor fuel use. Our discussion will be limited to electricity '
and gas,but the analysis can be applied to other fuels. '
The data in Table I are tgken from the utility bills of a two year cbllqge
in Callfornla and these data are plotted in Flgure 1. They will be used 1n thé

-

Ve . -
\III. ENERGY USE ON A COLLEEF CAMPUS o ‘

\ ana1y51s to be carried out below.

4

The.energy used og/a campus can be broken down into three ckasses of uses.

¢ertain amount of ehergy is required tO maintain a campus, independent o{ the
weéather and utlllzat{on of campus buildings. Some security lights, thgrmostated
rooms, refrigerators, hot water heaters, and other apnliances will be in operatiqp
at 2ll times of the year. This kind of energy use 1s identified as the "base
use'", If the weather gets cold, then the buildings will require heat, and con-
versely if it gets hot, air cohditioning may be required. The energy used for
this Heating and cooling will be called the '“heating use" and will depend primarily’

on the‘wutside air temperature.

\ CL

| . -
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Finally there is energy that 1s consumed because 1t 15 needed tO carry ,

out;the academic program. This "program use" will result from the yse

of gas hilns in a ceramig class, arc welders in the shops, punsen burners

1, the chemistry laboratories, or lights in classrooms. The program use

will dJepend primarily on the number of students and their academic programs.
These three useS are onec way to classify the energy use on a campus, and pro-
vide an inthitive way to.analyze the utility bills, ' S

1 . -y
lie can write "an equation for the total gas used in any month-as:

where.G 1s the total gas. used and 1s measured 1n "therms," B 1s the base

use, }& 1s the heating use for. gasy the P 1s the program use.
~ v
. The hgating use 1s assumed td be proportional to the number of heating. -
degree days 1in the month. A heating degree day, HDD, is based on the'idea
that when the temperature goes below 65° F, in most buildings the heaters will
switih ot to maintain a comfortable tempqrﬁture. When 1t 1s above that tempe-~

-

rature, the heaters will not be 1n use. When the average temperature for a \
mven day (abtalned by adding the high and low temperature for a 24 .hour period
and d1»1d1ng by two) 15 one degree belpw 650, 1t.counts as onerheating degree
da?. The “degree day" Toncépt a55unes that ‘the same amount of heating fuel

+s needed for any combxnatlon of cold and dJduration that can be added to give the

same number of heaﬂ1ng degree days. For example, 10 days at 64°, 5 days at 639,

12 days at 600, and 1 day at 550 are ali equal to 10 heating degree days. Over

the years thus assumpt1on'has proved to be useful 1n estimating customer's fuel
needs during asperiod of cold weather. Hence, we shall assume that the heating

1
use for a campus 1s proportional to the number of heating degree days, orx:
1 - -

; . Hy = b DD '
where HG 1s the heating use, b is a constant of proportionality and HDD 1s the
number of heating degree days in a given billing period.» The constant, b,

'¢an be determined from thé billing data, as shown below. Fach wegL\the National
Weather Service fivld offices provide defree day data, as do some utility

"companies. * ,



- ' - -8 |
The program use, PG , during the academic year depends on the enroll- |
men% and the academic calendar. Although emrollments always suffer some .

| attrition during a term and usually drop off fron the fall term high to a

summer term,low, these trends will be assumed ‘not fect the energy loads
. . for a campus. Onec reason for this assumption is tha the academic pro- .
" gram consists primarily,of a set of scheduled class then a 10 or 15
percent decrease 1y the number of people 1n tflose‘lasses, w1ll not change
. N .
' Ehe need to heat and™~aght the classrooms. jFor these calculations we will -
assume that the program use is a constanti/}.e., PG = constant.
. 4
. The final equation”tan then be written: - .
: : ' ! = + + . . )
. . ) G BG bHDD PG ‘ ;>
or:
G =

a + bHDD

where a = B, + P. = constant. There are standard mathematical methods for

\ determ1n1;thhe,Eonstants, a and b, when twelve measurements of G are takén;
from the utility blflsg and a corresponding set of values for HDD are available
for a given )eaf. Wie have choses the nethod of "least squares" to fit the

) . data and tg/denerm1ne the constants, because many of the psogramﬁable,'hand-

Peld computers now a¥41lablé are fitted with a program to do_t?xs kind of e
calculatron. Other, more sophisticated regre$sion ahalyses could be performed, .
but have not been éon;;'becauée of the limited accuracy of the billing daté&

However, the most direct way to determine tthconstants is simply to plot the

aﬁohnt of ,gas.used 1n a given month against the number of degree. days 1n that .
.month. This has been done 1n Figure 2 for the 1976 data which were-given 1n
. Table I, A.rulér was, used to draw a straight line through the points and the
base constant, a, 1s just the point of intersection of the line with the
vertical axis. The value 1s about 19 x 103 therms per month. The constant,
b, is just thé.slope of the line and is given by the ratio¥

b = Gmax - Gmin »

' - .

[y +

LY ’ ”DDmax. 2 - * .
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¢ Cfuel used and, the number o dégree days has beé
L K

; igh ‘schools by the Educatlonﬂl Fac111t1es Laboratbrlcs.L In their.
studzes hey found that the performance character15t1cs of 1443 schpol P

"z (65 - 19) x 103 _ ‘ . )
" - =508 = 9L therms/HDD L W,

‘ . »
. - -

The values are to be comPared with those_determ1nedafrom the Yeast squares

£1t which gave 5' 18.47 X i 3 therms per month and’b = 90.4 therms per HDD,

“The assump jon that a Jinear relat1onsh1n:g?}sts between the amount of .
e

verified for elementary

bu11d1nps could be analyzed uider this assumpt1on The ghglneering ‘basis 4 .
for this assumptlon has heen deveIOped by Shrader 2 The constant, a, 1s .o

~ -

.falled the "base use", while the consqant, b, is called the “therpal .ooF

perfornance ﬁpdex” The thermal performancc 1ndex depends~up0n the physical <,
character1st1cs\of a building such as the insulation 'in the rﬁbf and walls, T .
the area of windows, the efficiency of thé heating System and so “on. . '

The Cﬁﬁﬁ;ants, a and b- which were 1ntroduced earlier apply to all of the

mlldi@ on' a camnus and are %imply the sum of\smllar constants for cach
1hd1v1dua1 building on that” campus. Hence, the base use and thchmal p .
performance index defcrmlned frqm the total utility h111 are aggregatcs for .\

> oo v

the .entire campus. ' . . .

f
If the campus has a Subsﬂth1a1 number of unit’air conditioners or . o
several ccntral ch111er un1tsth1ch are poﬁered by electricity, then the .

dlcctr1c energﬁ/aoad could bc written as: .

| . ] ‘- '
~ - .
“\ff Be + CE +‘PE Lty A

where“BE 1s the conEtant baso electric use , and,again the program uéﬁ?

P w111

£’ e assumcd to be constanr The hcat1hg us¢, which 1¢'rcally a cobling

will he taken to he propOrt1ona1 to the number of "cool1ng degree
CDD in the month. A cooling degree day Js;pﬂalogOus to a_heating
dcgr‘F day, but 1s measured for outside tcmpcratures~1n excess of 6507, at
wh1dh eool1np systcms are sunposcd o be switched on. Ceoling degree days . —
can be obtafﬁéJ from thc local utility comnany or Vat1onal teather Service

13 the samé¢ way as*hcat1ng degree days. Under thesc assumpt1ons, the clcc-.

t§1C1ty'vse can be written ‘as: . - . .



. whgre d = BE + Pg and e are constants. Again, the twelve-month data could

' be used to determrne the constants, The electrieity usagé in a billing

perlod, E, is measured.1in kilowatt hours, kwh. ,
-

- 2

» -
“ - e
¢ . . . ’ : .

]

Aftér analyzing the data from 70 colleges, we have concluded that the

use of this equagion is not justified,3 Instead the average monthly

electricity, E, is an adequate measure for most purposes..

C R .
L} . w
The exception to this rale 1s the Mall electric” campus, There are 9 ,/’j
such cases in our sample and.they are analyZed in the Appendzx below. ‘e
In the remainder of our sample, we have found that the air. condztlonlng

load which goes up in the summer, seems .to be offset by a drop in other

electricity usageisuqh as classroom lighting. .
IV. CALCULATION OF SAVINGS - . ,

* -~
AY
. n
.
[ . Lid

' The energy sav1ngs on a.campus ;an be calculated by, choaszng some”

"base year" prior to enerqu nserving efforts. The energy usage i the
cu]?ﬁyt year can ‘then be to that of the base year to see if the
conSegyatzen program has < céessful. To allow for changes in weather
hetweer the two years, The fuel usage in' a given month should be compared
with.an "expected base year usage." .The expected usage takes the values

year ang mditzplles by the number of degree days actually obsfrved in the current

of a and b Which were deterpined from ou% equatlons above f;;l the base

e

’ -
- L ® - b
. - ) e R * *
- »
’ -8- ‘. -
- L ¢ -
,“ - » . : .
- . . . o
. L
LI » . 3 . -
: E=d + eCDD , v
. e H L] &
* - ' Y L i
¢
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month to determine the amount of energy ‘that could have bgen expeected
to be used. This "expected" value is compared to the aqtual usage to de-
termine the am?unt of energy saved. d P

Jhe monthly savxngsixn gas and "electricity can be written as the follow-
ing equation: S
86

i

(a + hHDD)" - (G)A. . L

* 1
L) h ] * .

and'u_ . ) . N X . |
tk=E - (B), [

‘ 5

Here), a; b, and E, are the constants for a campus and are determined from
¥ LY +

B -
monthly energy use daja for the baSe yeal as s@ﬁgn earlier. HDD 1s the
number of heating degree dafs in the current month and (G)A and (E)A n

are the "actual" amounts of® gas and electricity used during the current

month

1 L -

If AG and AE are ositive nunger33 then there has been an energy savings
and the conservat1on efforts are, pay1ng off. The amount of payoff 1s called .
the "energy savxngs“ for the current mofith and 1ts dollar value 1s called l
the "cost avoxghnce." The. cost avoidance 1s calculated by nuit1p1y1ng AG
and 4L by the cuzrent cost of gas and electricrty. Several collego§ havé&
made bydgetary arrangements to recover this fuel cqst avo1dance in order to
provide for funding of their campus conservation program. If this can be
arranged, 1t enhances the d‘fectflncgntlvee to campus program nart1c1pants.4
As an example, consider the 1976 gata for the two-year collegg in s
California that was presented in Table I and Figure 1. The corresponding
data for 1977 are shown in Table 1I. Two columns have been added to the
tible to give the "expectedJ gas.usage?each month, which 1s given by
(a + bHDD). The ées savings, AG are also shown, Here the value -3{ and
b are those calcu;Jted for the base year, 1976, wh11e the values of HDD
are those given in Table II for 1977. The difference between the “cxnected”
and "actual" gas usage, 4G, 1s given folr each month in the last column.

The total values for 4G and AE are: , ’

» -

. G = 4727 x 105 - 383.6 x}__103 .

*

1t

89.1 x 103 therms/year
- |>-/0 .‘ y

| 3
8E = 4926 x 10° - 4462 x<10° |

[ 4
L]

464 x~103 kivh/year .

-
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Given that” in 1977 the rates were $0.25/thernm for gas and that the rates

for electr1C1ty_we;e'50.044/kﬁh; the cost av01dance cah be calculated S,

L . .

-

- with tWat on a small one,

-

to be:

| e,

Cost Avoiahnce
—-'H

= (89 1 x 103 x $0. 25) + (464 x 103 x.50.044)

= $42,681

.l
.

{

Tﬂe above calculaxloqf are based on the assumptlon that no new bu11d1ngs
“have been opened on the campus since the base year constants were determined.
When bu11d1ngs are erected or torn down, a simple correction can be made.

If 1t 1s assumed that each grqss~square foot of the buildiyg on, the campus
has the same average eﬁeré;ruse as every\other gross squa;l foot, then the
'"expected usage" in a given,year can-be adjusted by mu1t1b1y1ng by -the area’
of the bhllélngs in that ye : divided by the area of the buildings in the
base y'e-z'ir. "If these areas :'r%.denoted by $ and ’SB’ then the equations for
energy savings can be wristem . .

= (a + bHDD) 8/8g = (GY, .~
| "

and - ’ ‘. *

- E'E)A .

AE

= E

B S/S

. \
Thrs correction assumes that the new,yor destroyed, buildings have the same
thermal pprformance as thp average building on the campus. The rdtio, S/SB,
will be greéter than one 1F'néw bu11d1ngs have been added, or 1t will be

less than one if some bu11d1ngs haye been torn down or taken out of opera-

tion. ~ T " - * .

. ° A
V. COMPARISON BETWEEN' CAMPUSES -, -

I;gjpuld not be, reasonable to compare the energy use on a large campus
Mir woul'd it be reasonable to compare the energy

use of 3 pgmpus in Flarida with one in'Minmesota. The methed of analysis

k)
descrlbed above separates the effect of climate, as expressed by heating

degree days, and allows a comparison of the constants, a, b, and E. To

correct‘fof the differémces in size of the various campuseSk these constants are .

divaded by the gross square footage of the buildings on the campus to obtain

"
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}




by

’ b

. : ., -i1- . t

- the “inten51t1es'of enérgy use"c; These 1ntensit1es ¢an then be coﬁpared.
From. our analysi¢ of 70 college campuses, 42, used only- gas and
Y, -electricity as, their energy source. Qf these only 33 had utility b1l data
which gave, results which were analogous 10 our example given aboue. K

~f « The gther nine campuses wete 1n the "Sun Belt" and had so few heatlng

degree days (less than 1000 pex year) that the data would not give a
VIS ¢

- hidd *

satigfactory fit with a straight line. , ‘ .
Frequeney Hlsfg;butions of the energy use intensities have been _ - .
plotted as histograms 1n Figure 3. In Figure 3a, the gas base use
1nten51ty,,A, is shoun, 1n F1gure 3b, the gas thermal performance intensity,
. B, 15 shown, and in Figure 3¢ the average electrical 1nten51ty, E, is
. shown. It should be noted that the Yalues of the constants are expressed
. 1n British Thermal Un1ts, BIU, for these conparlqons. The _conversions
were made by noting that there aré 100 000 BTU's 1n ane therm and that there
are 3413 BTU's_ 1in one kllowa;t hour. It should be noted here that for every
BTU of electrical energy delivered to the campus, three BTU's of fossil or o
. nuclear fuel were consumed at the generating plant. Our calculations are
" limited to “on s1te" fuel use. «
. The most striklng thlng abqut the three distributions 1s the wide
var1at1on between 1nd1v1dua1 ca@puses. In Figure 3a there are two values .
A *, of base use which are sl1gﬁr4y negat1ve and the explanat1on of. this
possibility 1s glven in detarl 1n the Appendix below. The fact remafns ‘
that som® campuses use six Or seven timés as much eénergy as others to
) ' provide hot water and d%her gas heifed services on a year around basis.
It 1s not so surprising that the distribution of thermal performqnce 1n ™
. ‘ Flgure 3b 1s wldeli varying, because the building standards for celllng ’
and wall 1nsulation do vary appreciably across the country. In fact, the

two campuses at the high end of the distribution are 1in California, where

-

’

. there are feqer heating degree days than 1n some other parts of the .

! « country and the past practices in building design have not emphasized

= . thermal effiCiency.

% ) .
The average electrical use shown in Figure 3¢ again shows a broad A,

variarion. The heavy users of eleigr1c1ty could benefit from a de-lamping
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- and re- lanplng progran. Tﬁey should examine the light leefls 1n their

) - various bu11d1ngs and ¢dh51der the savings that are possible in replacing «
1ndandescant lamps wlth fluorescent lamps and substituting the new low
.. hattage sodlun lanbs\for'the older mercury "flood lamps used in parking

‘lots and 51M1ldr secur1ty lighting appllcatlons

5 several indicators of canpus energy use have

In ear11er studies
been used. The values of these indices for the present samfle of campuses
1s included here to provide a sense of the variation in time.of their

values.y The first indicator 1s the ”Fnergy'Use Index" which 1s defined

by the ratio: ’ . ) *
v N BUl = Total Energy Used Per Year
. .- . . Total Gross Square Feet

The EUI has been used as a measure of the energy efficiency.of buildings,
VJust as the e;f1c1ency of an'autpmeblle 1s measured 1n m1[es per gallan. .
" Unfortunately 1t assumes that the tnergy use of a building in Florida

1s cemparable to that of a building in Minnesota. Figure 4a shows the
.dlstrlbqtlon'bf {he set of 42 canpus¢s studied here and again the average
value 1s entered in Table III for compar1son:with earlier work, Finally,
. there aré two other 1ndicdtors which have beeh used:in the'past and are -
,_wl included 1in the ‘table. They arebthe Energy Used per Full Time Equivalent

Student (FTE) and the Cost of Energy per Full Time Equivalent Student.
These two ‘indices are ugeful 1f you kno# the. growth trends in the student
body of a g1veﬁ campus, or 1f you need to know how to structure tuition
fees to,allow for energy cost,lncreases. Howéver, our analnpls in this
paper,hag, centered more dlrectly on conservation measures applied to the
pRYysic plant, so we w11£,n9%’ﬁursue the d1$CU551o)fof these student
b elated indices. Their average values for the 79 schools in our
" sample are included in Tablie III. oot o
The trends of the four indices in Table 111 are marked. The total

_~

- energy used both petGSquare foot and per FTE Has dropped mirkedly since’
1972-3. In spite of these decreases, the costs, both per square foot and
per Fﬁp havq 1ncreased markedly The explanetion of the first trend lies'

*

#

t
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in the efforts of colleges to cut back on their energy use, while
. N |
the cost increases are clearly conmectdd to thesTising prices of energy. J
1

The first trend should be reemphasized, however, because 1t is clear that

conservation ¢fforts are working on the community college campuses. g .
>
VI. USING THE CONSTANTS.TO MAP A CONSERVATION STRATEGY

Consider how the constants, A: B, and T could be used to plan’
)
a program of energy conservation. Our earlier example of a Califqrnia

campus can be used. Given that that particular campus had 420,000 gross

. ( sduarq feet of building space, the indices become: . . *
e . i © A= 4.5 x 103 BTQ/sq. ft./month, ) : .
B = 21.7 BTU sq.. £t./HDD, and )

| , . F

' .
It 1s seen that the base use and thermal performance index of this

3.49 x 103 BTU/sq. fr./month.

California school are higher than the average(ln Figure 3, while the
¢lectrical use 1s somewhat lower. The causg¢s of the high base use should
be carefully 1nvest1gated Pilot lights on hot water heaters and stoves
might be replacedlw1th 1ntermlrtent 1gnition devices, leaks 1n the gas
‘1in¢s maght be sjught, the hot water heaters might be wrapped 1n “fiberglass

blankets, and the water temperatures.might be lowered. The high value of

B, the thermal performance index, could requife more complex reméﬁiesy
because the cei1ling and wall insulation of buildings in California is
quite often deficient. ' Infiltration of cold air ardund windows 1S another
cause of heat loss, and might require a program of caulking and sealing
Jlndow and door frames. The average electricity use is lower’than average
and could be studled aftersthe other argas dJScussed above. For each of @
J these three areas.there are long, detailed lists of suggested way§ to reduce

6,7
energy Consurption. ’

Such lists areﬂvaluable as a means of suggesting o
conservation measures that m-ght otherwise be-overlooked. .
At some point no fyrther energy savrngs Zan be achievedy It takes

energy tb operate campus services and academi¢ programs. The objective

of a campus conservation program 1s to reduce the energy use to a reasonable
— minupum and to determine whether increases’ 1n use are due to outside in-
fluences (chh‘as weather or broken windows) or to wasteful practices in

the campus community.

o . 2222

bl -
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: Table I :
1976 Data For A California 2 Yr. College .
7 - ) -
L Gas Electric ) ‘
. Month (£103 therms) (x103 KWW}, HDD C0D
.. 65.3 433 508 0
F . \ 583 . 461 315 0 r
M ) 55.6 402 39 0 ,
A 46.5 ---2 ©309 - 0
M N 32.8 849 129 .. 29
J 27.1 M7 © 88 173
. J 18.9 333 7 136
- A 19.8 , 303 . 14 2 127
S -22.4 ‘ 462 . 35 78
0 "24.7 441 © .85 4
W 3.6 Y 216 7
D 60.3 348 - 486 -0
TOTALS 465.8 , 4oz 2662 591
[2 : ’

Ll
L]

This is an example of "missed" meter reading, with a'reading in Méy for

- - > , i
usage in both April and May. In analyzing the data, the May reading was _
divided by 2 and inserted in the Table for April and May. . .

. ’ e
,f\\\‘ , ’
o




e AU , -, T .
. Ve . ,I . . “
o ’ Table II . \ . \
P I o 1977 Data  and Calculated Valuaseof Energy. Saved |
_ 3 Ford A\jhforma 2-Yr. Collega )
. * - . ’ " . H ‘
s ¢ ¥ . . ~
Actual Gas Use . - Actual E]ectmmty - G expected A
L. (x ]0? t?erms/ (x 03 kWh ’ 19:77 1977 (x ]0 therm (2103 therms/
- "Month ymohth ¥ .y per month) HDD €DD \ —~— per month month)
* . " T . ‘ A\ .
Lo |9 ¥ e © 403 . 564. 0 \,—_'/70.0 250,
F 47.2 366 +355 - 0 51.0 2.8
AP 45.5 415 _ a3 0 56.0 10.5
i A 28.8 ‘e ‘387, ¢ 188 8 35.0 "6.2
i 8.9 384 245 10 41.0 2.1
J 223, L. 313 55 110 24.0 J1.7 L
L) " - i o
- ,- 13.6, 294 _ 15 144 o 19.5 5.9 A
A 134 - 340, 3 151 19.3- 5.9
4 14.9 $383 37 58 ©2.3 7.4
o0 21.0 , 407 AV 19- « , 29.7 8.7
_ N W™
N 36.3 - 416 321 o 47.9 1.6
D 46.8 ' 356 422 0 57.0 10.2 .
K :‘ Fl . ':-
7 " .
. TPTAL 383.6 "y 862 ~ 2725 500 "472.7 ~ 88.1 3
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Table 111 Summary of An

-
‘!S »
5

2 .
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-

hpa] Energy Use and Cost

® ) u.
- T
‘Y
£
/ 1972-3% *1974-52" 1978-9°
BTU/Gross Square H 183,000 135,000 121,000
Feet 4 ' !
/
!PP‘
BTU/Student 29.2x10° 20.6x10° 13.1 %*10°
“ - (FTE) - 'i " -
”‘ - i
Cost/Gross Square 30.9¢ 41.0¢ 75.0¢ v
Foot 3 4
a4 " f o
Cost/Student $49 - $63 $75
(FTE) \\\ 4

-

3-Atelsek, F. J. and Gomberg, I.L.
(73 Two Year Colleges)

<

, HEP Repom. K]
[

b‘Results_from LBL Sample (70 Community Colleges)

28

, ps 9, April 1977
/ .
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LIMITATIONS OF THE ANALYSIS AND SOME SPECIAL CASES

w——

"¢
A. Linitations in Using a Utility Bill .

There are sev%égi potential problems that should be boiLe in mind. v
P

First, the‘51111ng, 10ds in¥8pe year can vary from those in énother-by as
many as §ix d%ys out of Sh, or 20 perctent. Meters.are read on the five
normal working days.ofgthe_week, except when holidays or clusters of |
holidays interrupt the process. Hence the possible variation. A meter
may not be read as schduled, because the neter-reade¥ could have had an
accident along his route or h&v% ﬁeén prevented 1N some other way from

}, doiﬁg his. job. T'here1

or of the reading being incorrectly recorded. In this case, a bill for a .

15 also the 90551b111ty of the meter pelng misread

very small amount of energy may be received and then followed the next

tonth with a bi{lﬁfor both the encrgyused during the first period, plus

that used 1n the second period. An example of a misséd. reading 1is seen in

the data of Table 1. Thgre is a blank, or zero, feading of the electric

bill in April of 1976 and the value.in May 1s clearly the sum of April

and May.  To corre¢t this, we simply divided the value of the May reading
'. ] b§ tWO an insérted that vgfu& as entries for April and May in the table

before, making'ihe calculation.

-~ <
B, The All-Electric Campus ' . .

4 . . rd

There are 3 number of all-electric campuses around the country, and,
as the name imbl%;s;,they use electricity_ to provide heat, as well as air -

conditioning qu'light. In this case, the energy usc equations become:
¥ Fl

-

. -, - B . LS
' N ‘: - / G = 0 < - , ~ . .
‘ ’ and ) ’ . - 4 - . /
“F =d + cCDD + fHDD' ’
» N ! '
1 That.is, the electricity use just aéds a new term for the electricaty

heating use .which 4§ proportional to the number of heating degprce days.
The new constant- of proﬁortiona11ty‘isftaken to be f,




. The spc;ial opportunities and problems that the all-electric campus
encounters have been described elsewhere.8 We show the kind of energy use .
“corves that can be obtained in Figure 5.: Here the three cocfffcxents, d, e
and f have beepcomputed by tﬁe least squares method, mentioned earlier.
The actual data points are }lotfcd near the top of the graph and the ca1/
culated points using the above equation are seen to 1hterweave with the others
as expectcd for a f1tted curve. This result 1s anglogous to tlie straight
l1ne that was drawn through the data poxnf& 1n Fxgurpsea, abovc. Below these
two curves are p?otied the three quantltlcs yhich are added.in the equation
to give the calculated enérgy use 1n each month. The base use 1s a constant
- and shows as a straight, horizontal line on the graph. The cooliné use 1s
the coefficient, e, multiplied by the numbcr of cooling degree days, CDD,
in each month and reflects the variation 1n CDD throughout the year, Slml:f
larly, the heating use reflects the changes in the number of heating degree
' days 1n the year. o *
In our study, thcgc were 9 all-electric campuses included. We have
divided the constants,’d, e, ang”f by the gross square f&otage of each

’
campus apd averaged the result té get some idea of the values to be ex-

pccted The average values are: °* . .
~ d=4.00X 103 BTU/sq. ft./month )
T = 3. "BTU/sq. ft./CDD ~ '
. , 3.11 BTl/sa : / ‘
LT f=6.80 BTU/sq. ft./HDD -

.
i,

- Because the bése‘use d, is primarily due to lighting on, the campus, 1t
is not an acczdcnt that it _comes out to be very nearly equal to E fora
. campus that 1s Ilghtcd by elcctrxcxty but heated with gas (F = 4,33 X 103
BTU/sq. ft./mon). in the all electric case the thermal pcrfornance 1s
given by T and-1s seen to be approximately oneshalf the/value for a gas_ .
heated campus (B =14.0 BTU/HDD). Presumably the higher cost of\clcciricxty
’ . per BTU, 1néucq§ the architects and-bullders to nake the buildings more )
thermally cfficiqh “the all‘elec::ric campus. This is a clear indication
that the thermal performance of gas heated campuses can be improved substantially.

o

»

» . ~ -

o ' J()
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c.

The Gas Ab&orption Chiller ! . .
+ i .

If a campus has an air conditioner which u$es gas as the Source of

energy to drive it, such a cooligg’ﬁn1t is called a "gas .absorption chlllerf:,

Instead of the gas consumption going through a minimum in the summer, as

e

1t d1d in Figure la, the curie will show a bump that looks very much llke

that in F1gure 5 for the allselectric campus. 1In this case, the equations

foq energy usage must' be written: ' i ’
& .

[ .
.

- . : G =

and

4 J E=d

JHere we have assumed that there arg no electrig air cond1tL0ners on the

g\prS and that, C = 0.

a + bHDD,

: {

+ pCDD s

-

N -

/

The coollng use term, gCDD, has been added to the

gas usage to reflect the 1mpact of tﬁe gas absorptlon unit during warm

weather.

Pigure 6 shows the var1qp1on of the gas consumptlbn data inter-

L] ¢ ' - .
v woven with fitted curves whose coefficients werd determined by the least

squares fitting procedure.,
4

line, while the heat use and

011ng use are shdwn below.

» - i
The base use ten7 1s shown as the horizontal:

Unfortunately,

when three constants are to be determlned, there 1s no 51mnle grapﬁ1ca1

i scheme, such as that 1llustrated 1in Flgure 2a, which can be used.

the regressipn analysis must be used.

r

/. .

Hence

I3
1
v

’

e
L]

D. Limitsto the Analys§s . ’ ; )
When this type of analysis is applied to college campuses ’ .
in parts of the country where the number of degree days in a year

Is
1f

'xﬁé heating or cooling use texm in the equations shgpld be set equal to zero,

small, we have concluded that it ‘cannot be eXpected to work.

the number of Qegree days 1n‘a year 15 less than 1000, then the correspond-

This does not mean that heaters ‘or air conditioners y1l]l not be needed for
human comfott, but that the calculat&on method that we have develoved 1s simply
f

not Sensitive enough to require that thes¢ terms be included.
' . L
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E. Negative Base Use . o
|
1

In a few of iﬁe cases we analyzed, a plot of the data like that in
Figure la showed no gas usage durxng the sunmer months. ‘When thé‘gas usage
was then plotted against the degree days, as 1n F1gure 2a, the value of the
constanﬁ/)h, could fall below the HDD axis, and was negative. This negative .
base use was caused by the fact that the buildings on the campus do not
. 8- turn on their heaters when the outside air temperature reaches 659F, but
at some lower temperature. If one analyzes the heat flow into, and out of
a building, as done in Reference 2, it can be shown that each building has
its own referente temperature, which is the outside air temperature at

which the heatxng system switches on. There is no reason why this should

\.

be 6SbF becatse¢ it deppnds on - the wall and roof insulation, window area,

room ventilation, lightfng intensity, average occupancy, and other details

of the building's construction and use. However, the 65% F heating degree .ov

day does work reasonably well for most situations and so we have adopted

it. ’ -

In our equations above, a term cén be introduced to correct for »

. this offset of the effective value of HDD. We couldHuJite.fbr the heating . .
use: .

. Hi = b (HDD + T) ' : .

Here T 1s the number of degree days that 1s required %o correct the reference

[ 4

temperature of a given set of"campus buildings. Then the total gas con-
sumption would be: o - . A

. : G = By = b(HDD + T) + Pg- .

and this could be rewritten as: _
G = a' + bHDD . y

where

a' = B, +bT + P

G G

This says that our analys:s cannot distiguish between tﬁe base use, or

* the program use or an offset in the reference temperature for the number .
of degree 63?3, unless_there 1s somgrother informagion. 1If, for example, .
it is known that in certain summer months that fhe gas usage 1s zero and.

-

* * '




. .

the number of heating degree days 1s also .zero, the 1intercept éf the straight
linesin Figure 2a with the horizontal axXis is a measure of how far the HDD
scale has been displaced from zero. This is also related to how far the '
average reference temperature of the buildings on the campus 1s dlsplaced from
65° F.
This displacement of the degree day reference and the inability to ‘o

[ v,
* - f w i 4
N . - N .
- -(..A?_ M . ] .
\
, l
\
: 1
E— 1ﬁ£tinguish 1t from other constant energy uses 1s another limitation.of this method
ofranalysis. It 1s closely tied to the prev1ous linitation that was dis-
. ] cusséd when too few degree days are encountered to make the heat load -
calculation meaningful. Although both of these 11m1tat10ns of our calculations .
can be corrected, it requires an entirely dlfferent_approach9 and will not be

discussed here.
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) expressed in this report répresent sokely those of the-
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